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The Journal of Parasitology 
Volume 4 DECEMBER, 1917 Number 2 
HOMOLOGIES OF THE EXCRETORY SYSTEM OF 
THE FORKED-TAILED CERCARIAE 
A PRELIMINARY REPORT * 
WILLIAM WALTER CORT 
University of California 
Very little is known of the homologies of the protonephridial system 
in the various subdivisions of the Trematoda. Most of the anatomical 
studies on this group have been made from toto mounts and serial sec- 
tions of preserved material, in which locating the flame cells and tracing 
the finer branches of the excretory system is practically impossible. My 
work has convinced me that a more complete knowledge of this system 
will do much to clear up relationships and to establish natural families. 
Also an increased knowledge of the excretory systems of little known 
types of cercariae will be of great help in solving life-histories by sug- 
gesting the groups of adults to which such forms belong. In certain 
cases the close relationship of two cercariae may be shown by compari- 
sons of their excretory systems, when on account of differing degrees 
of development of adaptive larval characters they superficially appear 
to be very different. 
The work on larval trematodes of which this paper forms the first 
published part was carried on at the University of Michigan Biological 
Station at Douglas Lake, Michigan, during the summers of 1914, 1915, 
and 1916. The region around Douglas Lake is very favorable for work 
on these forms since an abundance of material of a large variety of 
trematodes is readily available. I wish to express my appreciation to 
the University of Michigan Biological Station for facilities provided for 
carrying on this work. Thanks are due Mr. H. B. Baker for the identi- 
fication of the molluscan hosts. 
The best results in tracing the excretory systems of larval trema- 
todes can be obtained from high power studies on living animals. To 
make such work effective it is important to have an abundance of mate- 
rial. By using thin cover glasses and slowly removing the water from 
the preparation even cercariae so small that they are almost invisible to 
*Publication from the University of Michigan Biological Station. 
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the naked eye can be slowed down and flattened so that they can be 
studied under the oil immersion. Just before a cercaria goes to pieces 
from drying and flattening the movements of the flame cells are accen- 
tuated and the smaller tubules distended so that they become clearly 
visible. The use of large numbers of preparations, which is easily pos- 
sible on account of the great numbers of cercariae in one infected snail, 
will gradually reveal the number and position of the flame cells and 
the pattern of the tubules. Larger agamodistomes* and adults can be 
mounted in a ring of vaselin, somewhat compressed and studied living 
for several hours or even a whole day. Fully developed cercariae should 
be mounted for this kind of study in pond water and agamodistomes 
and adults in normal saline. Aside from the excretory system much 
valuable data on the methods of locomotion, movements, and changes 
in shape, can be gained only from the study of the living animal. In 
fact in most cercariae it is possible to work out the structure much 
more completely in living than in preserved material. Looss (1894: 3) 
very strongly advocates the use of living animals in the study of trema- 
todes and much of his most important morphological work on this group 
was accomplished by this method. La Rue (1917: 5) in a recent paper 
in which he describes two agamodistomes from snakes makes an appeal 
for the use of better and more varied staining methods in the study of 
parasitic worms. I would add to this a strong plea for more study of 
the living animals especially when dealing with cercariae, agamodis- 
tomes, or small adult trematodes. Much unsatisfactory work and many 
errors can be avoided by the adoption of these two improvements in 
methods of work. 
The present paper consists of a comparison of the excretory systems 
of five forked-tailed cercariae, of which two, Cercaria doutthitti Cort 
and the cercaria of Schistosoma japonicum, are already known and the 
others are new species. Cercaria douthitti was described from Lymnaea 
reflexa Say from the vicinity of Chicago, Illinois (Cort, 1915: 49), but 
at that time only a part of the excretory system was worked out. The 
cercaria of Schistosoma japonicum has been described by several 
Japanese workers but its anatomy has not been adequately worked out. 
In this connection I describe only the excretory system of this cercaria 
since a detailed account of its anatomy will appear in the near future 
in the Zoological Series of the University of California Publications. 
My material of the cercaria of Schistosoma japonicum was obtained 
from infected snails sent to Professor C. A. Kofoid from Japan by 
Professor A. Fujinami of the University of Kyoto. To both of these 
gentlemen thanks are due for making possible my studies on this 
* The term agamodistome (from Agamodistomum Stossich 1892) I accept 
for larval trematodes when known only in the encysted or "resting stage." 
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species. The three new cercariae are from the Douglas Lake region. 
One of these, a very large form from Planorbis trivolvis Say, I name 
Cercaria elephantis from its large size and from the fact that its body 
when seen from side view after the loss of its tail resembles an ele- 
phant's head. The second of the new forms was found in Lymnaea 
emarginata angulata Sowerby and is given the name Cercaria emar- 
ginatae and the third from Physa ancillaria Say is called Cercaria 
douglasi from Douglas Lake. These three species and several others 
of the forked-tailed cercariae not included here will be described in a 
later publication. Recently the forked-tailed cercariae have been 
brought into prominence by the work of Leiper and others on the life- 
histories of the human schistosomes, so that it becomes very important 
that this group should be carefully worked up. 
There has been a tendency since the discovery of the life-histories 
of the human schistosomes to relate all forked-tailed cercariae to this 
group without making careful analysis. Faust (1917: 119) in a descrip- 
tion of two forked-tailed cercariae makes the following statement: 
"This group of larval trematodes (the forked-tailed cercariae) is char- 
acterized by a forked tail and as far as the writer knows, the absence 
of a true pharynx. However, glands of the pharyngeal region may 
lead one to consider the mass a pharynx, which is evidently the error 
Looss (1896) made in the study of Cercaria vivax Sons." Looss' 
figures of both immature and mature specimens of Cercaria vivax 
(Looss, 1896, pl. xv, figs. 174-176) show the structure of the pharynx 
so clearly outlined that it seems impossible he could have erred in this 
particular. Now my discovery of other forked-tailed forms with 
pharynges establishes this as a definite group of the forked-tailed 
cercariae and shows that within this group, which my observations on 
the excretory system indicate to be a natural one, there are represented 
two different families. 
Cercaria douthitti Cort 1914 
In the summers of 1915 and 1916 Cercaria douthitti was found in 
the region of Douglas Lake, Michigan, in Lymnaea stagnalis appressa 
Say and Lymnaea stagnalis perampla Walker. Besides the completion 
of the study of the excretory system there are several points which 
should be added to my original description of this species. Careful 
studies of living specimens show the outlines of the esophagus and the 
intestinal ceca as far as the acetabulum. Whether they end here or are 
merely masked in the posterior region by the mass of glands could not 
certainly be determined. It was also found that the whole surface of 
the body and tail is evenly covered with very minute spines which are 
visible only with the highest power of the microscope. Also the num- 
ber of cephalic glands is ten instead of eight. 
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The excretory bladder of Cercaria douthitti (Fig. 1, b, tb) extends 
the length of the tail and divides to open at the tips of its bifurcations. 
At the base of the tail where the bladder passes from the body into the 
tail the fused nature is indicated by a small island (i). The part of the 
bladder in the body proper (b) which will remain after the loss of the 
tail as the bladder of the adult is V-shaped. The sides of the V extend 
up to the anterior margin of the acetabulum and turn backward to 
points (p) near the sides of the body at the level of the posterior 
margin of the acetabulum, where they receive the anterior and pos- 
terior collecting tubes (act, pct). A short region of the bladder on 
each side near the points where the collecting tubes enter is ciliated. 
The anterior collecting tube receives capillaries from three flame cells, 
one at the level of the posterior margin of the oral sucker, the second 
at the level of the eye-spots, and the third at about the level of the 
anterior margin of the acetabulum (ff). The posterior collecting tube 
on each side also receives three capillaries, two from flame cells in the 
postacetabular region and the third from a very large flame cell in the 
anterior region of the tail. The character of these flame cells is shown 
in Figure 2D. This is the type of flame cell found in all of the forked- 
tailed cercariae studied. The flame cells and tubules of the body 
region are limited to narrow areas at the sides and do not invade the 
central core of the body which is crowded full of unicellular glands 
(Cort, 1915, Figs. 55, 56). 
The Cercaria of Schistosoma japonicum 
The excretory system of the cercaria of Schistosoma japonicum is 
shown in Figure 2A. The bladder corresponds to that of Cercaria 
douthitti except that it extends further in front of the acetabulum. 
The anterior and posterior collecting tubes show distinctly greater 
caliber than the capillaries. The anterior collecting tube receives two 
capillaries on each side from flame cells in the preacetabular region and 
the corresponding posterior collecting tube also receives two capillaries, 
one from a flame cell near the posterior end of the body, and the other 
from one in the anterior region of the tail. In all there are six flame 
cells in the body arranged along the sides and two in the anterior 
region of the tail. A comparison of this type of system with that of 
Cercaria douthitti shows that they are homologous except for the 
number of flame cells. 
Cercaria elephantis nov. spec. 
Forked-tailed cercaria without pharynx; eyespots present; divided 
lobes of tail less than half length of main stem and constricted off from 
it; body and tail including lobes covered with minute spines, evenly dis- 
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tributed; excretory system with V-shaped bladder, ten flame cells in 
body and two in tail, openings of bladder at tips of divided lobes; 
between fifty and sixty cephalic glands which distend posterior part 
of body; body 0.16 mm., stem of tail 0.59 mm., lobes of tail 0.11 mm. 
in length; in digestive gland of Planorbis trivolvis Say from Douglas 
Lake, Michigan. 
The excretory system of Cercaria elephantis corresponds exactly 
to that of Cercaria douthitti, having the same number of flame cells in 
relatively the same position, the same type of bladder with its openings 
at the tips of the divided lobes of the tail and even the little island 
(Fig. 1 i) in the same position at the base of the tail. The portion of 
the bladder in the main stem of the tail is of course longer than in the 
former species on account of the greater length of the tail. In fact, 
with this one variation the drawing of this system in Cercaria douthitti 
would do equally well for Cercaria elephantis. 
Cercaria emarginatae nov. spec. 
Forked-tailed cercaria with pharynx and without eye-spots; lobes 
of tail almost as long as stem and not constricted off from it; number 
of cephalic glands six, extending into postacetabular region; heaviest 
spination over anterior tip and around acefabulum, with rest of body 
only sparsely covered; intestinal ceca extend almost to posterior end of 
body; excretory bladder V-shaped, ten flame cells in body and four 
about in mid region of stem of tail; openings of bladder at sides of 
divided lobes of tail; body 0.16 mm., stem of tail 0.23 mm., lobes of 
tail 0.20 mm. in length; in digestive gland of Lymnaea emarginata 
angulata Sowerby from Douglas Lake, Michigan. 
The excretory system of Cercaria emarginatae is shown diagram- 
matically in Figure 2 B. The excretory bladder corresponds to that of 
Cercaria douthitti except that the openings are at the sides of the 
divided lobes of the tail. The number of flame cells in the body of 
this cercaria is ten, arranged along the sides as in the other forms. In 
the tail there are four flame cells, two, on a side, located about the 
middle of the stem and connected with the posterior collecting tube of 
the body by a long tubule on each side. A form closely related to 
Cercaria emarginatae was worked out during this past summer by one 
of my students, Mr. John C. Johnson. The relations of the excretory 
system in this species correspond to those in Cercaria emarginatae 
except for the position of the flame cells in the tail which was the same 
as in Cercaria douglasi, and for the island at the base of the tail. 
Cercaria douglasi nov. spec. 
Forked-tailed cercaria with pharynx and no eye-spots; lobes of 
tail more than half length of main stem and not constricted off from it; 
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heavy spination over anterior tip and around ventral sucker; scattered 
spines over rest of body; cephalic glands four, not extending into post- 
acetabular region; excretory bladder with commissure in front of 
acetabulum connecting branches; flame cells as in Cercaria emarginatae 
except that those of tail are in its anterior portion; intestinal ceca 
extend two-thirds of distance between acetabulum and posterior end 
of body; body 0.14 mm., stem of tail 0.18 mm., divided lobes 0.16 mm. 
in length; in digestive gland of Physa ancillaria Say from the Douglas 
Lake region. 
The excretory system of Cercaria douglas'i is shown in Figure 2 C. 
The bladder is quite different from that of Cercaria emarginatae, since 
the sides of what constitutes the V in that species are in Cercaria 
douglasi united by a commissure which makes a triangle with the base, 
in front of the acetabulum. The anterior and posterior collecting tubes 
on each side enter the bladder at the angles of the base of the triangle. 
The number of flame cells and their general arrangement is the same as 
in Cercaria emnarginatae except for the position of the flame cells of 
the tail. 
GENERAL DISCUSSION 
An analysis of the forked-tailed cercariae described above shows 
that they fall into three distinct groups. The first group might be 
characterized by the absence of a pharynx, by the fact that the lobes 
of the tail are less than half the length of the main stem and definitely 
constricted off from it and by the presence of eye-spots. This group 
includes of my material Cercaria douthitti and Cercaria elephantis. 
The second group, the cercariae of the human schistosomes, is repre- 
sented by the cercaria of Schistosomum japonicum. This group agrees 
with the first in characters one and two, but has no eye-spots. Group 
three might be characterized by the presence of a pharynx and the 
fact that the lobes of the tail are almost as long as the stem and not 
constricted off from it. The first two groups belong to the family 
Schistosomidae, but the third group differs from this family in the 
presence of a pharynx. 
A comparison of the excretory systems of these five cercariae shows 
a remarkable uniformity. The exact correspondence between this 
system in Cercaria douthitti and Cercaria elephantis would seem to 
indicate close relationship and if the adults were known I should expect 
to find them belonging to the same genus or closely related genera. 
Here is a case where cell constancy indicated by a correspondence in 
number of flame cells is carried beyond the species limit. One would 
hardly expect to find specific differences in the excretory systems of 
trematodes belonging to the same genus except those produced by 
differences in size relations. The constancy of the excretory systems 
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of these two cercariae is all the more striking when their superficial 
differences are taken into consideration. Cercaria elephantis has a tail 
almost three times as large as that of Cercaria douthitti and a very 
much larger number of cephalic glands. The eye-spots also are much 
larger in the former species. 
A comparison of the type of excretory system found in the cercaria 
of Schistosoma japonicum with the conditions in the first group (Figs. 1 
and 2 A) shows that they are homologous except for the number of 
--d cg 
c--b 
v pct 
.tb 
E 
I 
Fig. 1.-Cercaria douthitti, ventral view, to show excretory system. Cephalic 
glands not shown. act, anterior collecting tube; b, bladder in body region; 
cc, capillaries; dcg, ducts of the cephalic glands; i, island in excretory bladder; 
os, oral sucker; p, point where collecting tubes join bladder; pct, posterior col- 
lecting tube; tb, extension of bladder into main stem of tail. 
flame cells. The cercaria of Schistosoma japonicum has the smallest 
number of flame cells that I have ever observed in a fully developed 
cercaria or seen recorded in the literature. 
More striking still is a comparison between these first two groups 
and the conditions found in the excretory system of the third group 
(cf. Fig. 2 B and C). The forms belonging to this group have a dis- 
tinct pharynx, which sets them off very clearly from the first two 
groups and places them outside the family Schistosomidae. Yet com- 
55 
THE JOURNAL OF PARASITOLOGY 
parisons of the excretory systems show striking homologies which must 
certainly indicate a fairly close relationship between the family to 
which these forms belong and the schistosomes. Therefore, the knowl- 
edge of the life-history of a member of this group such as Cercaria 
emarginatae would help us to understand the relations of the family 
Schistosomidae to the other digenetic trematodes. 
Cercaria vivax Sonsino belongs to the third group. Looss (1896: 
210) describes this species fully, but does not show the excretory sys- 
tem sufficiently for the determination of its homologies. He shows six 
flame cells in the tail, but does not make clear their connections. His 
A B 
Fig. 2.-Diagrams of the excretory systems of three different forked-tailed 
cercariae. A, Cercaria of Schistosoma japonicum. B. Cercaria emarginatae. 
C, Cercaria douglasi. D, Typical flame cell of the forked-tailed cercariae. Very 
highly magnified. 
work on the development of this form (Looss, 1896, P1. xv, Figs. 172, 
173) indicates very clearly the double origin of the type of excretory 
system found in the forked-tailed cercariae. This is suggested in the 
mature cercariae described above by the complete separation of the 
flame cells of each side, the division of the bladder in the body, the 
island at the base of the tail and the division of the bladder to open on 
the lobes of the tail. 
The fundamental homology of the excretory systems of these 
forked-tailed cercariae indicate that at least in this group the pattern 
of the excretory system is very conservative. I have in addition a 
considerable number of unpublished observations on the excretory 
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systems of the cercariae of other groups of trematodes which supports 
this view, and tend to extend the principle of conservativeness to other 
trematode groups. This indicates that studies on the excretory sys- 
tems of cercariae may go far in establishing the true relationships 
between the various subdivisions of the digenetic trematodes. 
SUMMARY 
The excretory system was carefully studied in five forked-tailed 
cercariae, C. douthitti Cort, the cercaria of Schistosoma japonicum, 
C. elephantis n. sp., C. emarginatae n. sp., and C. douglasi. Altho 
these five fall into three separate groups which represent at least two 
distinct families, this system shows remarkable uniformity. 
In C. douthitti and C. elephantis the system corresponds both in 
the arrangement of tubules and in the number of flame-cells, suggesting 
close relationship for these species. 
The excretory system of the cercaria of Schistosoma japonicum is 
the simplest known in a fully developed cercaria and has the fewest 
flame-cells. 
Cercaria douglasi and C. emarginatae differ considerably from the 
other three forms studied. In the presence of pharynges, also, they 
depart from conditions in the family Schistosomatidae. The simi- 
larity of the excretory system, however, demonstrates their relationship 
to that family. 
These observations indicate the conservatism of the excretory 
system in trematodes and its value in establishing relationships in this 
group. 
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THE MORPHOLOGY AND LIFE HISTORY OF A NEW 
TREMATODE PARASITE, LISSORCHIS FAIRPORTI 
NOV. GEN., ET NOV. SPEC. FROM THE 
BUFFALO FISH, ICTIOBUS * 
THOMAS BYRD MAGATH 
Department of Anatomy, College of Medicine, University of Illinois, Chicago 
During the summer of 1917, while working as an investigator for 
the United States Bureau of Fisheries at the Fairport Biological Sta- 
tion, my attention was directed to certain ponds for experimental fish 
culture where young buffalo fry had suddenly begun to die in large 
numbers. The problem was assigned to me for investigation, and I 
thank the Bureau for its assistance and for the opportunity afforded. 
These fry hatched from artificially fertilized eggs on about May 20, 
and were divided into three batches. One lot of 36,000 was placed in 
pond 16 B, another of 6,500 in pond 3 F, and the third of 2,500 in 
pond 2 F. It was in these latter two ponds that the death rate was so 
high while in 16 B no unusual death rate was noted. Unfortunately, 
the records on pond 2 F are incomplete, but not so many died there as 
in pond 3 F. The death record for 3 F is as follows: 
July 2 ......................... 331 were found dead 
July 3 .......................... 329 were found dead 
July 6 .......................... 288 were found dead 
Total ................... 948 dead in four days' time 
A few others died afterwards. 
This is not the first time that large numbers of buffalo fish have 
been lost in the experimental ponds at Fairport. On May 24, 1916, 
pond 7 D was drawn off and there were found only 1,113 fingerlings 
of the 19,433 fry which had been put into this pond the previous sum- 
mer. Only 145 fish had been removed for experimental purposes, so 
that 18,175 were unaccounted for. It should be noted here that buffalo 
fish in this pond were infected with the same trematode as found in 
the dead fry from ponds 2 and 3 F, and which will be discussed in 
this paper. 
There was nothing unusual about the conditions of these ponds, and 
all the ponds got their water supply from the same source. There 
seemed to be plenty of food and the fish were making good growth. 
There was no blanket of algae in pond 2 F, and this might have 
* Contribution from the Laboratory of the United States Bureau of Fisheries, 
Fairport, Iowa. 
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accounted in some measure for the fact that there were fewer chiro- 
nomid larvae in this pond than in 3 F where there was a small blanket 
of mixed algae. 
The stomachs of eight fish averaging 4.6 cm. in length were exam- 
ined and it was found that only two had eaten chironomids, and in 
these it formed only 2% of the food. Of the six fish averaging 5 cm. 
in length taken from pond 3 F four had eaten chironomids, and in these 
the larvae made up from 1% to 85% of the total food. Other plankton 
forms were found in the stomachs of all the fish. 
The fish from both ponds presented no unusual appearance when 
found dead, and no unusual growth of fungus was noted. They were 
not badly bruised and their gills were comparatively free from silt; no 
ectotrematodes and but few myxosporidian parasites were found. 
Upon systematic examination of the fish for animal parasites there was 
found only one species and this proved to be a new trematode. It was 
always present in the dead fish and ranged in numbers from one to six 
or seven per host. These trematodes were immature, very active, and 
in proportion to the small size of the intestine of the fry occupied a 
considerable portion of its lumen. Their intestinal ceca were always 
gorged with food, and the evidence seems strongly in favor of the con- 
clusion that these parasites were in some way responsible for the death 
of the fry, all the more so as the fry in other ponds were uninfected 
and did not die in noticeably large numbers. About 50 per cent. of the 
fry which were living in pond 3 F were.infected, while only 20 per cent. 
in pond 2 F were infected. These figures were obtained after the fish 
had stopped dying. 
It seems well here to emphasize a point which is often misunder- 
stood. Many times parasites are of themselves not injurious to their 
hosts, yet their ultimate effect is detrimental. Often typical cases of 
icterus are produced by the mechanical stoppage of the gall duct by 
worms which otherwise would not seriously inconvenience the victim. 
It is not unlikely that in this case the buffalo fish were weakened to 
such an extent by the parasites that they died from some cause which 
would otherwise not have affected them. Along these lines of research 
there is much to be done in the field of parasitology and its importance 
demands the attention of investigators. 
An examination of one and two year old buffalo fish from the 
experimental ponds showed that they harbored the same parasite in 
their intestines, and that the percentage of infection was about fifty. 
Here the adult and immature forms were found upon which, together 
with material from the fry, the following description is based. It is 
interesting in the light of what is to follow that in over two dozen 
buffalo fish taken from the river in the neighborhood of Fairport, none 
were found infected with this parasite. 
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The following table shows the degree of infection of one and two 
year old buffalo fish from ponds 5 and 7 D. 
Ictiobus Ictiobus 
cyprinella bubulus 
Number examined ......................... 13 8 
Number infected ........................... 6 4 
Number not infected ....................... 7 4 
Percentage of infection ..................... 45 50 
Infection in both species, 47% 
A careful study of this parasite has justified the creation of a new 
genus of which it is the type species. I propose to call the genus Lis- 
sorchis, and present it with the following description: 
MORPHOLCGY OF LISSORCHIS NOV. GEN. 
Lissorchis. Body flattened, elongate, tapering posteriorly and of 
moderate size. Cuticula covered with small spines; fleshy spines around 
suckers. Acetabulum powerful and as large or larger than oral sucker 
which is also well developed. Prepharynx and esophagus much 
reduced; intestinal crura not reaching posterior end. Excretory system 
Y-shaped, branching anterior to testes. Genital pore marginal and 
sinistral, situated below middle of acetabulum. Ovary mesial and 
lobed, no seminal receptacle; Laurer's canal present. Uterus coiled and 
extending from beyond genital pore to posterior tip of body, filled with 
small thin-shelled eggs. Testes ovoid, large, mesial and unlobed, lying 
in line with ovary and posterior to it. Very large seminal vesicle and 
well developed cirrus anterior to ectal end of uterus. Vitellaria extend- 
ing on either side from posterior side of acetabulum to half way 
between posterior tip and acetabulum. Vitellarial sac present and 
Mehlis' gland large. Habitat: Intestine of fresh-water fishes. Type 
species: Lissorchis fairporti. 
It becomes evident that this genus can not be embraced by any of 
the previously described subfamilies, and so it is here placed as the 
type genus of the new subfamily Lissorchiinae, the characters of which, 
must at present, be taken from the genus. If Liihe (1909) is followed 
this subfamily would be placed under the family Distomata, but accord- 
ing to more recent work these subfamilies have, for the most part, 
been elevated to the rank of families. If this tendency is followed, it 
seems necessary to create a new family or to modify the family Plagi- 
orchiidae so as to contain it, but an ultimate decision of this point will 
not be attempted in the present paper. 
LISSORCHIS FAIRPORTI NOV. SPEC. 
Altho this worm is very active its activity is confined to the anterior 
portion of the body so that the part posterior to the acetabulum is 
practically motionless. 
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Well extended worms are in the form of an elongated oval (Fig. 1) 
with the posterior end pointed and the region of the acetabulum widest. 
The adult mature worms are from 2 mm. to 3 mm. long, altho in life 
they are capable of extending themselves to 5 mm. in some cases. The 
average thickness of the worms in the region of the acetabulum is 
0.61 mm. The ratio of the anterior to the posterior portion of the body 
is 1: 1.7, altho this is subject to some variation depending upon the 
degree of extension of the anterior portion. 
The cuticula (Fig. 20) of these worms is about 7,u thick and is 
covered in all regions of the body with spines which do not protrude 
their entire length thru the cuticula. These spines are most prominent 
at the posterior end. They are 20t/ long, sharply pointed, and have a 
proximal thickening. Muscular activity of the body serves to extrude 
them partly. 
The oral sucker (Figs. 1, 12, and 13) is large and slightly oval, 
being 0.38 mm. by 0.41 mm. It is surrounded on its outer margin by 
small fleshy spines, which occur in two or three rows. In ratio to the 
length of the pharynx this sucker is 7:5, and in ratio to the ventral 
sucker it is 7: 9. The ventral sucker (Figs. 1, 12, 15) is powerful and 
round, being about 0.55 mm. in diameter. It, too, is surrounded by 
several rows of fleshy spines. The muscular pharynx (Fig. 14) leads 
immediately into the intestinal crura which are generally gorged with 
food and extend to near the posterior tip of the body, but never entirely 
so, the uterus lying in the intervening space. 
The excretory system (Figs. 2, 19) was studied in living specimens. 
The pore is situated in the middle of the tip, and from it there leads 
forwards a rather large median duct, which does not give off branches 
but is capable of distention. This median trunk divides on the dorsal 
side of the worm and just forward of the anterior testis. At the base 
of the two divisions there are slight enlargements, which assume the 
appearance of a bicornuate bladder during certain stages of the excre- 
tory process. Each main lateral branch shortly gives off a branch 
which passes posteriad and obliquely to near the lateral margin of the 
worm and then branches into two main stems, one passing up anteriad 
and the other posteriad; these in turn break up into numerous branches 
with flame cells at their terminals. The rest of the two lateral branches 
pass anteriad on their respective sides, giving off branches en route, 
finally making a loop near the base of the oral sucker, they pass pos- 
teriad lateral to the ascending trunks and break up in numerous 
branches. This arrangement is characteristic and practically no varia- 
tion of any note was recorded. 
The ovary (Fig. 17) lies in a median position a little distance back 
of the posterior margin of the acetabulum; it is rather deeply lobed, 
two to four times on each margin. Its length is about 0.36 mm., and 
its greatest width and thickness about 0.23 mm. 
61 
THE JOURNAL OF PARASITOLOGY 
A short oviduct leads from the ovary into the o6type (Fig. 10), 
and this former comes from the anterior middle of the ovary. From 
the o6type there arises Laurer's canal, which is a short duct leading to 
a dorsal pore at a level near the anterior margin of the ovary. Around 
the o6type is found Mehlis' gland, which is large and lies chiefly 
towards the ventral side. The o6type continues as the uterus, which 
characteristically passes forward to a level of the posterior margin of 
the acetabulum, then takes a sudden turn and runs posteriad along the 
right side to the posterior tip of the body. Here it forms a compli- 
cated coil and then passes anteriad up to the left side to join the 
prostate near the common genital pore. The uterus is filled with thin- 
shelled eggs, more or less pointed at one pole where there is a small 
lid. The eggs (Fig. 9) average 10 by 20pt. 
The vitellaria, or shell glands, are follicular, yellowish-brown struc- 
tures lying along each side of the body from the posterior margin of 
the acetabulum to about midway of the posterior region of the body. 
Minute ducts gather up the secretion and the ducts from each side 
form a common duct at about the level of the ovary. The common 
ducts from each side pass into a little sac (Figs. 10, 17), about 8ju in 
diameter, which lies just ventral to the ovary and has a minute duct 
leading into the posterior portion of the o6type. 
The testes lie in the posterior portion of the body (Figs. 11, 18), 
both posterior to the ovary, altho in the oldest specimens the ovary 
may overlap the anterior portion of the testis. Both testes are ovoid, 
the posterior testis averaging 0.43 by 0.18 mm., and the anterior 0.49 
by 0.17 mm. From the anterior margin of each and towards the 
dorsum, there pass forward the vasa efferentia. In the region of the 
ovary they pass in between its lobes. The testes and the seminal vesicle 
lie in the median line and into the latter the ducts from the testes pass. 
In older specimens the vesicle (Figs. 11, 16) is filled with spermatozoa, 
and these are divided into two regions, undoubtedly showing that the 
germinal products are all expelled at once from a given testis and that 
the two testes expel their products at different times. The vesicle is 
ovoid in shape and averages 0.39 by 0.17 mm. It is covered by a thin 
wall and from its anterior sinistral margin there passes the cirrus sac, 
crescentric in shape, containing unicellular prostatic glands and, ante- 
riorly, the cirrus, which is extremely thick (Fig. 21). This duct joins 
the uterus immediately before the genital pore and anterior to it. 
LIFE HISTORY 
As soon as the infection of the buffalo fry was noted an examina- 
tion of snails was undertaken, and many of the following species from 
several ponds were inspected. These represent all the different species 
found in any great numbers around the ponds: Lymnaea obtussa 
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exigua Lea, Succinea retusa Lea, Planorbis trivolvis Say, and Physa 
heterostropha. Of these four species none were found to be infected 
save certain individuals of Planorbis trivolvis, and these from ponds in 
which there were adult infected buffalo fish. The following table 
shows the number examined from pond 7 D where the infection was 
about 10%. 
Number Number 
Examined Infected 
July 23 ............................. 5 1 
24 ............................. 5 0 
25 ............................. 4 1 
27 ............................. 3 1 
31 ............................. 67 5 
A ug. 3 ............................. 36 4 
Total ........................... 120 12 
These snails had cercariae (Fig. 3) infecting their livers, and in 
the water of an aquarium in which these infected snails were kept 
these cercariae were found swimming about in great numbers. 
No counts were made, but it was evident that the entire livers of 
the snails were filled with this cercaria, and that there were perhaps 
several thousands in each host. The cercariae were very active and 
moved about very rapidly. There seemed to be a tendency for them 
to throw off their tails, and they were often seen in that condition 
when they became sluggish. 
The tail (Fig. 25) of the cercaria is not quite so long as the body, 
and in the illustration (Fig. 3), which was made from life with the 
cercaria moderately extended, the tail was 0.27 mm. long. It is not 
perfectly smooth', but here and there shows indentations. The body of 
the worm is oval elongate and rounded anteriorly; the length and width 
vary with the degree of contraction, but in the illustration is 0.40 mm. 
long and 0.14 mm. wide in the acetabular region. The whole body is 
covered with spines and the two very prominent suckers are sur- 
rounded with them. 
The oral sucker (Fig. 22) is about 723x wide and has a very small 
stylet (Fig. 8) set into its anterior margin. This interesting organ is 
in the shape of a pen point and 18,/ long and 4,/ wide at the base. About 
one third of the length from the anterior end there is a thickened 
expansion. The ventral sucker lies two thirds of the distance from the 
anterior tip of the body and is about the same size as the oral, but more 
nearly circular in shape as seen from the ventral or dorsal surface. 
The stylet glands (Figs. 3, 23) lie anterior to the acetabulum and 
are in right and left sets. In each set are from four to six fairly large 
cells that have ducts leading anteriad to open near the base of the stylet. 
Cystogenous gland cells are numerous over the body and are found 
chiefly posteriorly. 
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The digestive tract is already well developed and has a small 
pharynx, esophagus and diverticula. These latter do not reach to the 
end of the body and in most cases do not extend below the acetabulum. 
The excretory system is well developed (Fig. 3). There is a 
bicornuate bladder some distance from the anterior end of the tail, 
from which two divisions pass anteriad. A short distance from the 
bladder they each give off a large branch which passes posteriad, and 
these in turn divide into anterior and posterior ducts. The remainder 
of the main divisions pass anteriad giving off branches until near the 
level of the oral sucker they turn back on themselves and pass pos- 
teriad, ending near the middle of the body. A branch passes from the 
bladder posteriad and has the excretory pore on it at the posterior end 
of the body. Then a branch passes out into the tail from this pore as 
a median caudal duct. Excretory granules were not noted in the 
tubules. 
Nothing of the nervous and reproductive systems could be made 
out in the living material, but in preserved material one could see a 
small group of cells just posterior to the acetabulum, the first trace of 
the ovary (Fig. 24). No indication of the male genital system was 
noted. 
In certain snails, apparently those which had not been very long 
infected, there were found non-motile sacs (Fig. 7) which contained 
the developing cercariae, and in some instances the cercariae them- 
selves. One sac, 1.3 mm. long and 0.23 mm. wide and bluntly rounded 
at both ends, was found from which all the cercariae had escaped 
save one. Another sporocyst which contained no fully developed cer- 
cariae was 0.71 mm. long and 0.12 mm. wide. In this the germ balls 
were ovoid in shape and the largest ones were 0.10 by 0.05 mm.; there 
were about fifty such germ balls. 
Three attempts were made to infect buffalo fish directly with the 
cercariae. The method was to make a suspension of cercariae in water 
and to inject the fish with it. In the case of the experiments with fry 
the cercariae were placed in an aquarium with a little water and the fry 
allowed to remain in this for several hours; controls showed that they 
would eat the cercariae or at least take them in with water. The first 
attempt was made on July 23, when four buffalo fish from the river 
were injected. The next attempt was made on July 27, when three 
one-year-olds from pond 7 D and three adults from the river were 
injected, and the final trial was made on July 31, when twelve fry from 
pond 4 D were fed cercariae. Controls were kept and the fish were 
killed at varying periods of time. In all the experiments no indication 
of experimental infection was noted. None of the river fish were 
infected, and the few infected pond fish had infections of such long 
standing that it was impossible to consider them as being experimental. 
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Indeed, controls killed a few hours after being injected showed clearly 
that the cercariae were being digested, and that this digestion was 
going on in the stomach. The evident conclusion was that the normal 
infection is not direct and a secondary intermediate host was sought. 
In previous studies it has been shown that the forms of plankton 
which figure most in the food of the buffalo fish are Chydorus, Daphnia, 
Cyclops, Diaptomus, Difflugia, Bosmina, rotifers and chironomid larvae. 
The cercariae were larger than any one of these forms, with the excep- 
tion of the largest rotifers and chironomids, but for experimental con- 
trol reasons they were placed in a watch glass with these plankton 
forms and allowed to remain together for several hours. At the end 
of the time examinations were made of many individuals of the dif- 
ferent species and of these, the cercariae had not attacked any save 
the chironomid larvae. Every one of the larvae in the dish had just 
beneath the skin from one to seven cercariae encysted (Fig. 4) in 
spherical cysts. A few days later this experiment was repeated, and 
this time the cercariae were seen to attack the larvae actively, and by 
the use of their suckers and powerful movements of the tail they bored 
their way into the larvae. The stylet was evidently used in the process 
and the lashing of the tail served to spin the cercaria in much the same 
manner that an auger is used. The time required for the process 
averaged about twenty minutes. Several species of chironomids were 
tested and no preference was noted. The only species identified were 
Chironomus lobiferus Say and Tanypus decoloratus Malloch, but other 
species of larvae were observed to become infected. The cercariae 
dropped their tails before they had completely entered their host, and 
when they had entered discharged their cystogenous substance, rolled 
themselves into a ball, and remained just beneath the skin of the larvae, 
showing very little motion in the cyst. The stylet remained in place. 
After several hours excretory granules were seen to accumulate in the 
posterior part of the cercaria, and after twenty-four hours quite a 
portion of the posterior excretory tube was filled. 
Two series of experiments were undertaken to infect buffalo fish 
with the infected chironomid larvae. The first of these was begun on 
July 31. The livers of three infected snails were teased out in a little 
normal saline and added to an aquarium containing many thousands of 
chironomid larvae. These were allowed to remain from 11 a. m. to 
3 :30 p. m., at which time they were examined, and it was noted that 
nearly all of the larvae had encysted cercariae in them. Twelve buffalo 
fry and three yearlings were then put into the aquarium. At 5 p. m. 
one fry was examined; it had not eaten chironomids and was unin- 
fected. Twenty hours after feeding, another fry was examined, and 
this one had eaten several larvae, which were partly digested. In the 
intestine of this fish were four cysts containing cercariae, which were 
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very active and contained a large mass of excretory granules (Fig. 5). 
Under the microscope one of the cercariae burst its cyst, expelled its 
granules and its stylet and assumed the shape and appearance of the 
definitive form. One partly digested chironomid still had a cyst in it. 
On August 1 three fry were examined and one yearling; the yearling 
had two young trematodes in its intestine, which were like in every 
respect the young trematodes taken from the fry which were infected 
in pond 3 F. The three fry had not eaten the larvae and were not 
infected. The rest of the fish were examined on August 2, only one 
fry being infected, and this one had still the remains of the chironomids 
in the lower part of the intestine. One or two of the other fish had 
eaten the larvae, but perhaps had not gotten hold of the infected ones. 
On August 3 the experiment was repeated on six fry from pond 4 D 
where the fry were not infected, and four yearlings from pond 7 D. 
This time less water was used in the aquarium in which the fish were 
fed, and they were allowed to remain longer with the infected chiron- 
omids. Three fry and two yearlings were used as controls, and these 
were uninfected at the end of the experiment. Four out of the six 
fry were experimentally infected and three out of the four yearlings. 
In this lot various stages were found, from the still intact cysts to 
worms as large and larger than those found in natural conditions. One 
yearling examined on August 11 had three trematodes which gave the 
following measurements: (a) 0.80 by 0.30 mm., (b) 0.90 by 0.30 mm., 
(c) 1.41 by 0.41 mm. 
Figure 6 shows one of these worms drawn from life, and in this 
the excretory system is identical with that of adult worms and is but 
a further development of the condition in the cercaria. The ratio of 
the size of the suckers, shape of the body, spinous skin and general 
movements of the body are alike in the young forms, adults, and cer- 
cariae. The immature forms obtained from the experimentally infected 
fish are exactly like those found in natural infections, their organ sys- 
tems being carefully compared. In the development of the reproduc- 
tive organs the ovary appears first, the two testes next, and the seminal 
vesicle last, altho the latter seems to be well developed as soon as the 
testes are ripe. 
Attempts have been made to hatch the eggs from adult worms and 
thus to infect the snails with the miracidium, but so far none of the 
eggs have hatched. 
In the light of the above experiments and observations an explana- 
tion might be offered as to why the river fish are not infected. 
Planorbis trivolvis is a very common snail around the ponds at Fair- 
port, but does not seem to be found in the river near this station. The 
author has looked for it to some extent and so have others with nega- 
tive results. This species of snail is common in some rivers, and no 
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explanation can be offered as to why it is not found around Fairport. 
While some species of cercaria are known to occur in several snails, 
this is not always the case, and there is no evidence so far that the 
cercaria of Lissorchis fairporti occurs in any other snail. 
It seems desirable to keep young buffalo fish free from this infec- 
tion and the means of doing it is not so difficult as it might appear. 
The problem is obviously involved in keeping the fish pond free fr6m 
this species of snail, and fortunately P. trivolvis carries its eggs on its 
back, so that if a screen which would keep out the snails themselves 
were provided around the pond and over the inlet pipe of the water 
supply, there would be no danger of the eggs being brought in, and as 
a rule there does not seem to be a very marked migration of these 
snails. Of course, the free cercariae or encysted cercariae might be 
brought in with the water, but the cercariae do not live very long out- 
side of a host, and this fact would favor prevention of infection. It 
appears from the evidence at hand that after the fish have grown past 
three or four inches long they are fairly safe, and hence they would 
not have to be protected for more than a year. The author has started 
some experiments along this line and also on the effect of the parasite 
on the buffalo fry which he hopes to bring to a definite end in the 
near future. 
In the examination of infected fish it was noted as the summer 
advanced that the average size of the trematodes in the fish was 
greater than at the beginning of the summer, that more eggs accumu- 
lated in the uteri of the worms, and that toward the last of the summer 
they began to expel them in great numbers. In the early summer there 
were more sporocysts found in the livers of snails than in the later 
summer, which is correlated with the previous statement as might be 
expected. From these observations and the experimental evidence, it 
seems likely that the miracidium hatches out from eggs laid in the 
late summer and finds its host, the snail, before the winter sets in; that 
it develops in the liver of the snail during the winter and spring, and 
in the first part of the summer the cercaria leave their hosts. The 
infection of the chironomids and fish naturally takes place during the 
later part of the summer. It is barely possible that some of the first 
to infect the fish mature before fall, but it is more likely that they all 
live over winter in the fish before they become mature. The facts that 
the eggs are in the last stages of cleavage in the late summer and 
the infection of the snails is so far advanced by early summer, support 
the conclusion that the miracidium is hatched in the fall and lives over 
winter in the snail. 
The lower percentage of infection in pond 2 F is explained by the 
fewer chironomids in the pond and the smaller percentage found in 
the food bulk of the fry in this pond than in the case of the fish in 
pond 3 F. 
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SUM MARY 
1. An adult trematode, found in the intestine of Ictiobus cyprinella 
and Ictiobus bubulus from experimental ponds at the United States 
Bureau of Fisheries Biological Station at Fairport, Iowa, is shown to 
be a new species, Lissorchis fairporti, type of a new genus and new 
subfamily. About 50 per cent. of these fish are infected. 
2. This parasite appears to be responsible for the large death rate 
in young buffalo fish in these ponds. It is not found in fish of the 
same species taken from the Mississippi River near Fairport. 
3. The cercaria of this form has been found in Planorbis trivolvis 
and described; it belongs to the xiphidiocercariae. It encysts in chiron- 
omid larvae after boring thru their skin, and when these were fed to 
buffalo fish the worm was freed from the cyst and developed to stages 
like those found in nature in infected fish. Eggs from the adult 
trematodes probably hatch in the late fall and live over winter in the 
liver of Planorbis trivolvis. In the summer the cercariae find their 
way to water, infect chironomid larvae and in turn the fish. The 
absence of this snail from the river in the region of Fairport undoubt- 
edly explains the lack of infection in the buffalo from that source. 
4. Buffalo fish cannot be infected directly by feeding or injecting 
the cercariae into their stomachs. 
5. Protecting the ponds in which young buffalo fish fry are being 
raised from Planorbis trivolvis would without doubt lower the infec- 
tion among the fish. 
The author wishes to express his thanks to Prof. Henry B. Ward 
for suggestions in regard to this manuscript. 
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ABBREVIATIONS USED IN THE PLATES 
altr esophagus ova embryonic ovary 
at anterior testis ovd oviduct 
c cirrus pgc prostate gland cells 
cc central cells of cercaria tail ph pharynx 
cm circular muscles pt posterior testis 
cygc cystogenous gland cells s stylet 
ex excretory canal sc skin of chironomid larva 
exg excretory granules sg stylet gland 
gp genital pore sgc stylet gland cell 
ic intestinal crura sv seminal vesicle 
Ic Laurer's canal ut uterus 
Im longitudinal muscles v vitellaria 
m Mehlis' gland ve vas efferentia 
oo ootype vs vitellarial sac 
ov ovary 
PLATE I 
Fig. 1.-Dorsal view of Lissorchis fairporti, showing genital systems. The 
spinous condition of the integument should be noted. 
Fig. 2.-Ventral view drawn from life, showing the details of the excretory 
system. 
Fig. 3.-Cercaria drawn from life as seen from the ventral side, showing 
alimentary canal, stylet glands and excretory systems. 
Fig. 4.-Encysted cercaria in a chironomid larva. Drawn from life. 
Fig. 5.-Encysted cercaria, freed from a chironomid by the action of diges- 
tive fluids and found in a buffalo fry's intestine twenty hours after feeding 
infected chironomids. Drawn from life. 
Fig. 6.-Young trematode from a buffalo fish experimentally infected three 
days before examination. Note excretory system and further development of 
the digestive system. 
Fig. 7.-Sporocyst containing developing germ balls. From the liver of 
Planorbis trivolvis. 
Fig. 8.-Stylet of cercaria. 
Fig. 9.-Eggs of Lissorchis fairporti. 
Fig. 10.-Reconstruction of the main parts of the female genital system 
drawn from a lateral view. 
Fig. 11.-Reconstruction of the male reproductive system drawn from a dorsal 
view. 
PLATE II 
Fig. 12.-Sagittal section thru the midline of an adult, showing the relation 
of organs. 
Fig. 13.-Cross section thru the oral sucker. Note the fleshy spines around 
the margin of the sucker. 
Fig. 14.-Cross section thru the pharynx. 
Fig. 15.-Cross section thru the ventral sucker at the level of the genital pore. 
Fig. 16.-Cross section thru the seminal vesicle. 
Fig. 17.-Cross section thru the ovary at the level of the vitellarial sac. 
Fig. 18.-Cross section thru the anterior testis. 
Fig. 19.-Cross section thru the posterior region of the body, showing the 
median stem of the excretory canal. 
Fig. 20.-Details of the body wall showing spine. 
Fig. 21.-Details of the cirrus, showing unicellular prostate glands. 
Fig. 22.-Cross section thru the oral sucker of a cercaria. 
Fig. 23.-Cross section thru the anterior region of the acetabulum showing 
the stylet glands. 
Fig. 24.-Cross section thru the embryonic ovary of a cercaria. 
Fig. 25.-Cross section thru the tail of a cercaria. Note the central cells. 
The individual scale drawn by each figure indicates 0.1 mm. in all figures 
except that it is 0.02 mm. long in Figures 5, 8, 9, and 20 to 25 inclusive. 
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OF HORSES * 
C. W. HOWARD 
Swamp fever, or infectious anemia of horses, has been known in 
Minnesota for some years. At one time it was epidemic and while not 
at the present time taking that form, is probably more widely prevalent 
than suspected, because of the ability of the disease to assume a mild, 
unrecognized form. 
The disease is widely distributed, having been recognized in Europe, 
Japan, recently by Theiler in South Africa, Panama Canal Zone, 
Canada, and in the United States from Wisconsin, Minnesota, North 
Dakota, Wyoming, Nevada, Washington, Colorado, Oklahoma, 
Nebraska, Missouri, Arkansas, and Mississippi. 
The name would indicate that it was a disease of low lying, wet 
land. While this is, generally speaking, true, it is not always so. The 
European investigators particularly do not emphasize this fact, but 
have shown that horses pastured near forests are more subject to 
attack. The disease has been found at an elevation of 7,500 feet, and 
in many places where the soil was for the most part light and dry. In 
Minnesota most of the cases seem to have come either from the Red 
River Valley where the land is mostly low and level, of the prairie 
type, and the soil rather heavy, there being many swampy areas, or 
from the northern, undeveloped part of the state where there is much 
virgin timber and unreclaimed bogs and marshes. But other foci of 
the disease have been found in parts of the state where the land is 
almost entirely under cultivation with very little if any forest, and the 
soil of a light sandy nature. The swamps in these latter places are 
much restricted, and comparatively few in numbers, but still some 
are present. 
The disease usually appears in early summer, increasing from July 
until October, and being recognized most widely during August and 
September. The incubation period seems to vary from ten to forty-five 
days, the usual time being twelve to fourteen days. 
No other animals than equines seem to be susceptible. The Japanese 
investigators have claimed that the pig is slightly susceptible, and that 
young goats and sheep show slight febrile reactions, but other workers 
have not confirmed these results. This inability to employ any of the 
smaller laboratory animals has considerably hampered investigations, 
especially on the etiology of swamp fever. 
* Paper No. 77-Journal Series, University of Minnesota Experiment Station. 
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NATURE OF THE VIRUS 
The cause is an ultra-microscopic, filterable virus present in the 
blood. This may be transmitted to other horses by injections of blood 
serum which has been passed thru a filter. There are few, if any, 
symptoms specific for this disease, making it very difficult to recognize 
with complete positiveness, except by subinoculations of blood. This, 
together with the fact that only equines are susceptible and the impos- 
sibility of knowing when a horse may have had a mild attack of the 
disease and be immune to further infections has been a severe handicap 
in prosecuting investigations upon methods of transmission. 
The virus seems to easily withstand freezing, but heating to 58? to 
60? C. for one hour destroys it, 'as does bright sunlight. Drying at 
room temperature in a vacuum does not alter its virulence. 
SYMPTOMS OF THE DISEASE 
The most characteristic symptom is a progressive anemia without 
any apparent cause. This is accompanied by a recurrent fever at 
which time the temperature may rise to 103? F. or higher, dropping 
nearly or quite to normal after a short run. If worked, the horse tires 
very easily and may later develop a staggering gait. It may improve 
for a time only to be followed by a more severe attack. Death may 
result, or the animal may recover, under which circumstances the blood 
remains infectious for a long period. In Japan it was found that 
recovered horses remain virulent for as much as four years. A longer 
incubation period was required when such blood was used for sub 
inoculations as it gradually lost its virulence with the lapse of time. 
Van Es claims thirty-five months as the limit of infectivity of recov- 
ered horses. A case under observation at the Minnesota Experiment 
Station still carries virus in virulent form nearly six years after 
recovery. It may also happen that the infected animal does not show 
any obvious symptoms of the disease, so mild is the attack. These 
virus carriers are a source of considerable danger in any region where 
attempts are made to control the disease. 
POSSIBLE MODES OF TRANSMISSION OF VIRUS 
The method by which the virus is transmitted from animal to 
animal is one of prime importance and has been the subject of con- 
siderable investigation. Various methods have been suggested. Horses 
kept in the stable side by side for months may never contract the 
infection one from the other. In the pasture, however, it is usually 
able to spread readily, altho some observers claim that it is non- 
contagious even there. The suggestion that it may be conveyed in 
water and food seems untenable owing to the destructive effect which 
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sunlight has upon the virus. It has also been found difficult to give 
the infection thru the digestive tract, even when very large quantities 
of virulent blood or urine were fed. The droppings and saliva do not 
contain the virus, but the urine does. Soiled grass or water would hold 
only a relatively small quantity of urine. In the stable the virulent 
secretions would be more cumulative and not subject to the destruc- 
tive action of the sunlight, yet transmission in the stable is more diffi- 
cult than in the open. Even the fact that the urine is infectious is, 
however, disputed by many workers. Vallee and Carre in France, 
Van Es in North Dakota, the Japanese Commission, and Theiler in 
South Africa make positive claims. Swingle in Wyoming had negative 
results to all of his investigations on this question. The positive side, 
however, agrees that large quantities must be fed to produce the 
disease. 
With these facts in mind it would seem that infection with swamp 
fever thru the alimentary canal was, at least, not the usual method. 
There is nothing to indicate infection thru the respiratory passages. 
The only other method by which the virus could gain entrance to the 
body would be thru the skin. For virulent blood to enter thru abra- 
sions of the skin would be rare. For this reason blood sucking arthro- 
pods have been suspected for some time and some investigations have 
been carried out, none of which, however, have seemed very conclusive. 
REVIEW OF PREVIOUS INVESTIGATIONS 
Francis and Marsteller (1908) record that in Texas they kept a 
healthy susceptible horse all summer and fall in the same pasture with 
infected horses and never obtained a transmission, altho many varieties 
of blood sucking flies were present most of the time. 
Several observations on the insect transmission of swamp fever of 
horses were made by the commission appointed by the Japanese gov- 
ernment in 1909 to investigate this subject. They noticed that the dis- 
ease seemed to be easily transmitted in the field but not so in the stable. 
and drew the conclusion that insects must be the transmitting agent. 
To test this observation they erected three enclosures each large 
enough to hold several animals comfortably. One was enclosed with 
wire screening, the others were simply enclosed with a high board 
fence. The fenced enclosures were 12.7 meters apart. In the screened 
enclosure were placed both infected and noninfected horses. In one 
of the fenced areas were placed nine infected horses and in the other 
four healthy horses. Some of the noninfected horses in the screened 
enclosure contracted swamp fever, but only after very long incubation 
periods, in one case of six months. Those in the fenced enclosures 
showed the first symptoms of the disease one month after exposure. 
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They had not come into contact with infected horses, but blood sucking 
insects had free access. The test was repeated with very similar results, 
and a third repetition gave still more conclusive results. In each case 
the experiment ran thruout the entire summer. Their contention was 
that these results prove that the disease is easily transferred when 
animals are not in contact but when free access for insects is possible. 
A shorter incubation period follows than when infection takes place 
in the stable and the infection is as virulent as in mixed pasture infec- 
tions. Consequently, they conclude that transmission of the disease is 
accomplished only thru the agency of insects which are capable of 
flying. 
The Japanese Commission gave very careful consideration to the 
various blood sucking flies and tried experimnets with some, but in 
their report do not give any details of how the experiments were 
carried out. Mosquitoes they claimed were present only in the stables 
and as stable transmission was rare had to be excluded from con- 
sideration. At the time when Simulium "monopolized the pasture," no 
infections occurred. Ticks were excluded because of their inability to 
move over long distances. Stomoxys calcitrans was abundant and 
there was every chance for it to act as the carrying agent, but they felt 
sure that it was not. They tried to feed the flies on the horses by 
hand, but negative results followed. Many flies were kept in the 
screened enclosure where there were confined healthy and infected 
horses. One healthy horse developed a doubtful case after an incuba- 
tion period of six months, so they excluded Stomoxys from considera- 
tion. Tabanids were thought to be the guilty agent, because of their 
great numbers, violent attacks upon the horses, and because the sea- 
sonal appearance of the disease coincides in Japan with the appearance 
of the flies. They were, however, unable to handle the flies success- 
fully, so no experiment was tried. 
Bots (Gastrophilus intestinalis) were also taken into consideration, 
because of the possibility of the larvae taking up the virus and passing 
it on thru the adult and egg to the next generation. Several bots were 
taken from a patient which had died of the disease, crushed, filtered 
and injected into healthy animals, but results were negative. The next 
season they freed all their horses from bots before putting them into 
the pastures, but it had no influence upon the results. K. R. and R. 
Seyderhelm (1914) took up this line of investigation in Germany. 
In Wyoming, Swingle (1912) tested the ability of certain tabanids 
to act as carriers. He used a large screened cage capable of holding 
three horses. Large numbers of tabanids (spp. not given) from time 
to time were let into the cage with a sick horse. He experienced con- 
siderable difficulty in keeping them alive in the cage and in getting 
them to feed, but at one time fifty and at another sixteen and lesser 
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numbers at other times were observed to bite the horse. He endeav- 
ored to persuade these flies to feed on a second susceptible horse, but 
failed with the exception of one fly. While his experiments gave nega- 
tive results, Swingle suggested a way in which tabanids might act as 
transmitters of swamp fever. He noticed that while feeding many 
flies voided fresh blood onto the skin of the horse, and that this appar- 
ently undigested blood was voided as long as three days after feeding. 
He thought that such blood voided onto grass might be eaten by horses 
and infection acquired. The difficulty of securing infection thru the 
digestive tract even with large quantities of infective blood would seem 
to preclude such a probability. There is a possibility, however, that 
this voided blood might enter the wound made by the proboscis and 
mechanical transmission be produced in this way as well as by blood 
on the mouth parts. 
The investigations in Wyoming were continued by Scott (1914). 
He used a cage large enough to accommodate five horses. Adult mos- 
quitoes, species not given, were collected and placed in the cage. Some 
"wild flies" (tabanids) were unavoidably brought in from the swamps 
with the mosquitoes, but died in the cage quickly. House flies and 
Stomoxys, however, survived and bred in the cage. During July the 
mosquitoes were most abundant. In July a sick horse was alternated 
with well horses, each being left in the cage for several days at a time. 
Mosquitoes were repeatedly observed to feed upon the horses, but the 
results were negative. During August when Stomoxys and Musca 
domwestica were more abundant in the cage the experiment was repeated 
and Stomoxys was seen to bite the horses several times. One of the 
three healthy horses used, showed a rise of temperature, but did not 
react again. A second horse, after three recurrences of the temperature 
rise, died on October 5, and subinoculation of the blood produced 
typical cases. The third horse gave no reaction. These results do not, 
however, seem to us to be conclusive. In the first place there were 
several varieties of flies in the cage; during the second part of the 
experiment the healthy horses employed were the same as those which 
had been exposed to the mosquitoe bites during the previous month, 
and then there seemed to have been no provision made to prevent 
infection by contact during the latter part of the test, as the healthy 
horses were kept in the cage during the entire course of the experi- 
ment, even when the infected horses were present. 
A third variation of this test was carried out, by transferring flies 
from the first cage where they had fed on infected horses, to a second 
new cage where were one survivor of experiment one and two other 
healthy horses. The results were negative. Scott thought the reason 
was that the nights at that time in August and September were vern 
cold, frost occurring several times. 
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Further experiments have been carried out by Scott in Wyoming 
with mosquitoes, Stomoxys, and tabanids, but the results have not yet 
been published. He claims that Stomoxys calcitrans is the carrier in 
Wyoming. 
EXPERIMENTAL WORK 
An extensive study of swamp fever has been made at the Minnesota 
Experiment station by Dr. C. F. Flocken, who was stationed there for 
that purpose by the U. S. Bureau of Animal Industry. In the spring 
of 1915 work was begun by the writer on the insect transmission of 
the disease, in cooperation with the Bureau. 
A careful survey was first made to ascertain exactly what biting 
insects or insect allies were present where the disease was found and 
whether or not they fulfilled the following required conditions to make 
them possible transmitting agents. Such an agent must be found over 
a very wide area; it must be a ready feeder on the horse and be able to 
pass rapidly from one to another. The fact also that swamp fever in 
Minnesota usually begins to appear in July, increasing in August, the 
incubation period being from ten to thirty days, made it appear that 
the early spring breeding forms were more likely to be the carriers. 
Ticks are represented in Minnesota mainly by Dermacentor varia- 
bilis, which does not attack the horse extensively and is not found 
abundantly in all localities, so that it can be eliminated. Species of 
Simulium are present and appear early in the season, but not so early 
as the tabanids, and are not present in all parts of the state. Chrysops 
moerens, C. striatus, and C. cuclux are quite common over most of the 
state but appear only in late July and August. 
Mosquitoes are present everywhere. The early spring breeders 
such as Aedes fuscus, A. auroides, A. canadensis and A. sylvestris are 
especially abundant in our swamp fever areas, but other species are 
plantiful thruout the summer and autumn. They will be found inside 
of stables as well as in pastures, but stable infection seems to be rare. 
If mosquitoes were the agent of transmission swamp fever would 
probably be more widely epidemic. The same can be said for Stomoxys 
calcitrans, except that it is not abundant in early summer and in that 
respect does not coincide with the requirements set for possible carriers. 
It is also found in stables. 
Several species of Tabanus appear in spring and early summer, 
during open seasons coming as early as late May, but never later than 
early July. The early spring forms are T. lasiophthalmus, T. affinis, 
T. zonalis, T. illotus and T. septem trionalis. 
Other forms appear during mid and late summer, such as T. longi- 
tudinalis and T. atratus, but in very small numbers. These early 
tabanids are the worst insect pest of horses and cattle in the notthern 
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half of the state, where much of the land is still virgin timber and 
muskeg, or at least still undrained and swampy. These seemed to ful- 
fill the conditions which were sought, and it was decided to begin work 
with these horse flies. 
A cage 12 by 24 feet was constructed and divided into three equal 
parts. One end apartment was cut off from the rest by a partition of 
fine wire netting, insect proof and intended for a check horse, if 
desired. The other two parts were separated only by a double parti- 
tion of half inch mesh wire, to keep animals from coming into contact, 
but to allow of free movement for insects. The roof was covered with 
screening and the floors were cement, so that the enclosure could be 
kept perfectly clean. Two screened vestibules, of a size to allow the 
passage of a horse gave admission to the two parts of the cage. This 
cage was constructed on one side of a low one story building containing 
a series of stables, one of which opened into each part of the cage, so 
that both animals and insects could seek shelter inside if they wished. 
It was impossible to breed flies for the work, but it seemed feasible 
to collect them and place them in the cages. Altho a journey of 100 to 
150 miles had to be made for each lot, it was possible to get a large 
quantity of flies safely to the laboratory. They were usually collected 
during the late afternoon from cattle or in stables. From 300 to 500 
were placed in each traveling cage. Dilute honey and water was pro- 
vided as food. The collector chose night trains, if possible, in order 
to avoid the excessive heat of day trains at that time of year. Conse- 
quently, half to three-quarters of the flies were active upon arrival at 
the University Farm. The first lot of flies let loose in the cage perished 
by beating themselves to death on the netting. After this we resorted 
to hand feeding. The flies were kept in an outdoor insect breeding 
cage, 4 by 4 by 6 feet, supplied with a pan of water and grass, and a 
small tree. Each day these were removed and fed on the horses. Even 
with this arrangement only three lived long enough to feed more than 
once, one of these three times, and the other two twice. They would, 
as a rule, however, feed readily on syrup or dilute honey, but all died 
in a few days. 
In the known cases of disease transmission by tabanids it occurs in 
a purely mechanical way. This fact was kept in mind. Horse 25 was 
the source of virus; he had had a severe attack of the disease four 
years previously and still carried virulent virus; in fact, three months 
after this experiment, blood from this horse reacted promptly on injec- 
tion into another horse. Horse 32 was healthy. Flies were allowed to 
feed on Horse 25 for about one minute, then removed and transferred 
quickly, with only five to ten seconds interval to Horse 32, where they 
finished feeding. The process required, altogether, three to five min- 
utes. Hand feeding was difficult, only a comparatively few being 
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willing to feed under a glass cylinder. Sometimes gentle manipulation 
of the fly's head with the finger would suffice to give the start. In all, 
69 T. lasiophthalmus and 2 T. affinis fed in this way. Feeding of the 
flies began on June 26 and ended July 12. Horse 32 was left until 
October 2, during which period no rise in temperature was noted. On 
the latter date it was inoculated with active virus and reacted in eleven 
days, dying on October 29, thus showing that the flies had not carried 
virus to this horse. 
Objections may be raised to this experiment on the grounds that 
Horse 25 did not have an acute form of swamp fever during the course 
of the experiment, and that the virus in the blood was not sufficiently 
active for the small quantities carried by the flies to cause any reaction. 
However, in nature there must be many such cases responsible for the 
spread of the disease, and it would seldom happen that as many as 
seventy-one flies would complete an interrupted feeding on two horses. 
Then the blood proved to be active upon subinoculation into another 
horse after the experiment was over. 
It was intended to duplicate this experiment during the spring of 
1916, using a newer case for the reservoir. A succession of unusual 
seasons, however, had reduced the number of horse flies so as to make 
it impractical to secure a sufficient quantity for the purpose. Conse- 
quently, it was necessary to work during the past season upon the 
insect which we considered as second choice, i. e., Stomoxys calcitrans. 
This fly is present everywhere in the state from early July until cold 
weather, increasing as the season progresses. They are abundant about 
the University Farm, and altho swamp fever cases have been kept there 
for several years in stables and in pastures no case of transmission has 
occurred which could by any manner of reasoning be laid at the door of 
Stomoxys. As stated previously, if it was the common carrier of the 
disease, widespread epidemics might be expected to occur. 
Stomoxys was bred in large quantities until a dry period came on 
in late July lasting thru August. The breeding jars were quickly 
depleted by this sudden excessive heat and wild flies began to become 
scarce also. For this reason the last lot of flies used were wild flies 
captured in the dairy barn. 
The first attempts to feed Stomoxys by hand were so discouraging 
that this method was abandoned. They refused to feed when placed 
in large test tubes, lamp chimneys and wire gauze cylinders; but as soon 
as let free in the cage went to the animal at once and fed eagerly. 
Flies were, therefore, liberated in the large cage and allowed to feed at 
will. Two phases of the experiment were run simultanously. In the 
small isolated cage the horse acting as reservoir of the virus and the 
healthy horse were alternated, leaving each one in for one hour until 
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the flies had been able to feed, next morning the other horse was left 
for an hour, etc. This cage was called Cage A. 
In Cage B, where the horses were kept separate by a large mesh 
double wire partition, the flies were allowed to feed at will. The same 
horses were used in this cage, being returned there each morning after 
the hour in Cage A. When a fresh lot of flies was let into this cage 
the horses were tied close to the double partition and two attendants 
gently brushed them back and forth thru this partition so as to make 
doubly sure of the possibility of mechanical transmission. During the 
last few days of feeding the flies the horses were tied close together in 
one cage, their heads being carefully covered and other precautions 
being taken to prevent possibility of actual contact and flies fed and 
brushed back and forth from one horse to the other until they had 
become full fed. 
Horse 25 was again used a source of virus, as his blood had been 
proved virulent during the previous winter by subinoculations. For 
part of the experiment Horse 36 was also used. This was a virulent 
case brought in the previous September. During the course of the 
experiment he succumbed to the disease. Horse 38 was the healthy 
horse. 
The feeding of the flies began on July 20 and ended August 31. 
In Cage A, where it was hoped opportunity would be given for bio- 
logical transmission, a total of 1,425 flies were used. In Cage B, the 
double cage, 2,800 flies were used. The flies invariably fed well, but 
could not be made to survive more than about one week on the average, 
altho every detail to aid their survival was supplied. Probably the 
unusual hot, dry weather hastened their death, as it was doing with the 
wild flies. 
Horse 38 remained normal until October 14, when it fell and dis- 
located its shoulder, making it necessary to kill it. The incubation 
period in a case like this might last for three months so that the results 
here are not as definite as were desired. Blood was taken from the 
horse before death, however, and inoculated into Horse 42. Horse 42 
showed definite febrile reactions on November 6 and 7, December 10 
and 11 and December 17, 18 and 19; the high temperature continuing 
more or less marked from the last date until its death on January 11, 
1917. 
Blood from Horse 42 was filtered and injected into Horse 43 on 
February 24. This horse showed typical febrile reactions on March 10 
and 11, April 10, 11 and 12, April 29 and 30, May 1 and 2, May 23 to 
26. On the last date the horse was down and was killed. 
From this experiment it seems probable that swamp fever of horses 
can be carried from one horse to another by the biting stable fly, 
Stomoxys calcitrans. 
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The results of these experiments, together with a study of the 
investigations of other workers has not, however, fully convinced us 
that insects are the usual or only carriers of the disease. 
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THE INTESTINAL WORMS OF DOGS IN THE 
PHILIPPINE ISLANDS 
LAWRENCE D. WHARTON 
Assistant Professor of Zoology, University of the Philippines* 
During the Spring of 1916 I was able, through the kindness of 
Professor Daniel de la Paz of the Department of Pharmacology of 
the College of Medicine and Surgery at Manila, to examine the intes- 
tinal tracts of 118 Philippine dogs. These dogs had been brought to 
the laboratory for teaching purposes and had been killed before recov- 
ery from the anesthetic. As there has never been any report made 
on the intestinal worms of dogs in the Philippine Islands, and as many 
of the findings were interesting and unusual, I feel that I am justified 
in reporting my findings. 
The dogs which were examined were practically all collected by 
the city dog catchers and brought to the medical school from the city 
pound. At the pound, the dogs are kept in large cages with concrete 
floors which are daily washed and disinfected. There is a cage for 
each day of the week and when the dogs have been kept for seven days 
those which have not been claimed by their owners are either electro- 
cuted or sent to the medical school for experimental and teaching pur- 
poses. As the work of the dog catchers extends all over the city of 
Manila, it will be seen that this series represents the average of the 
unclaimed dog population of the city. They are the canine nomads 
which forage about on the streets, and of which only a very small pro- 
portion ever fall into the hands of the dog catchers. 
In making the examinations, the esophagus, stomach, and all of the 
intestines were removed from the body and opened in water. After 
thorough irrigation of these viscera, the worms which remained 
attached to the walls of the organs were removed and the washings 
were carefully examined for loose worms. The liver and bile ducts of 
about half the subjects were examined for trematodes, but none was 
found. The following table shows graphically the prevalence of 
infections. 
Per Cent. 
Number Infected 
Dogs examined .................... 118 
Dogs infected ..................... 115 97.45 
Hookworms (Ancylostoma caninum) 114 96.61 
Toxascaris limbata ................ 8 6.77 
Gnathostoma spinigerum ........... 8 6.77 
Spiroptera sanguinolenta ........... 7 5.92 
Dipylidium caninum ............... 55 46.56 
Dibothriocephalus sp ............... 7 5.92 
Total infections ............... 199 168.55 
* From the Laboratory of Zoology, College of Liberal Arts, and the Lab- 
oratory of Medical Zoology, College of Medicine and Surgery, University of 
the Philippines, Manila, P. I. 
WHARTON-INTESTINAL WORMS OF DOGS 
There were 52 dogs, or 44 per cent., in which two species of worms 
were found as follows: 
Hookworm and Dipylidium, 43; hookworm and Dibothriocephalus, 
3; hookworm and Spiroptera, 3; hookworm and Ascaris, 2; hookworm 
and Gnathostoma, 1. 
There were triple infections in 12 dogs, or 10 per cent. These 
were the following: 
Hookworm, Ascaris and Dipylidium, 3; hookworm, Ascaris and 
Dibothriocephalus, 1; hookworm, Dipylidium and Dibothriocephalus, 2; 
hookworm, Dipylidium and Gnathostoma, 3; hookworm, Spiroptera 
and Gnathostoma, 3. 
One dog was infected with 4 species: hookworm, Ascaris, Dipy- 
lidium and Dibothriocephalus, and one with 5 species: hookworm, 
Ascaris, Dipylidium, Gnathostoma and Spiroptera. 
Hookworms - 97.45 per cent. 
All the hookworms which I examined belonged to the species 
Ancylostoma caninum (Ercolani, 1859). The number of worms pres- 
ent in an individual was found to vary from 2 up to 300 or 400. As 
well as being the most common this is probably also the most harmful 
worm parasite of dogs in the Philippine Islands. It is the cause of 
death of a large percentage of young dogs, particularly those of the 
better breeds and those which have been imported. The common street 
dogs seem to be more or less immune to the effects of this parasite, but 
even they are always emaciated and anemic when the worms are pres- 
ent in any considerable number. This hookworm is also very common 
in cats around Manila. 
Toxascaris limbata (Railliet et Henry, 1911)-6.77 per cent. 
The percentage of infections with this form was much lower than 
I had expected to find it, and the number of worms present in each 
case.was very small. The fact that the majority of the dogs examined 
were full grown may account for the small percentage shown. A 
veterinary surgeon informs me that this parasite is very frequently 
found in puppies here in Manila, while they are only rarely encountered 
in older dogs. 
Gnathostoma spinigerum (Owen, 1836) - 6.77 per cent. 
Eight dogs were infected with this worm which has been reported 
from dogs in India by Mitter. The worms live in large cysts in the 
wall of the stomach which are connected with the lumen of that organ 
by a small pore. Cysts may contain anywhere from 1 to 11 or 
12 worms, and there may be 3 or 4 cysts present in a stomach. In one 
case I found Gnathostoma and Spiroptera present in the same cyst. 
This form is also frequently found in cats. 
Spiroptera sanguinolenta (Rudolphi, 1819)- 5.92 per cent. 
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This worm is also found in cysts in the stomach and frequently in 
the lower part of the esophagus. In one dog there were three cysts in 
the esophagus and two in the stomach which yielded in all 18 worms. 
The cysts of Spiroptera and Gnathostoma present the same gross 
appearance and it is necessary to cut into them in order to determine 
which worms are present. 
Dipylidium caninune (Linneus, 1767)- 46.56 per cent. 
This tapeworm was found in 55 out of the 118 dogs examined. In 
the majority of cases the number found ranged from 1 to 10 specimens, 
but in some instances they were very numerous. In such cases the 
majority of the worms were young and small. In one dog there were 
2 specimens each about 20 cm. long, with ripe proglottids, and in addi- 
tion I picked off from the surface of the intestine 196 individuals with 
heads the largest of which did not exceed 5 cm. in length. 
Dibothriocephalus sp. 
This is a small species of Dibothriocephalus which is more common 
in cats than in dogs in the Philippines. The entire worms measure 
from 40 to 62 cm. in length, and the largest segments at the posterior 
end are about 7 mm. wide by 2 to 3 mm. in length. The head closely 
resembles the head of Dibothriocephalus latus. I have never found 
more than three specimens in a single host. Specimens of this worm 
have been sent to Dr. H. B. Ward who has kindly consented to identify 
them. 
The total absence of any tapeworms of the family Taeniidae from 
this series proved a surprise to me, and I might add that I have never 
found a Taenia in either a dog or a cat in the islands. Several cases 
of larval infections of man with Echinococcus granulosus have been 
reported, but I have not been able to find any authentic report of the 
finding of the adult in the islands. The absence of some of the other 
Taenia forms which are found in dogs may be accounted for by the 
fact that suitable intermediate hosts - rabbits and sheep - are not 
found in the islands. 
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THE INTRACELLULAR DEVELOPMENT OF A GREG- 
ARINE FRENZELINA AMPELISCA N. SP. 
NADINE NOWLIN AND INEZ SMITH 
University of Kansas 
The parasites described below are found in the small Amphipod. 
Am pelisca spinipes, collected from the Eel Pond, Woods Hole, Mass., 
during August, 1912, and April, May, and August, 1914. Examina- 
tions of hosts were made at the dates mentioned through a series of 
more than two hundred carefully sectioned and stained slides, as well 
as on the living material, and few cysts were seen. That we have not 
yet found the season for their production is possible, but what is more 
probable is that only the vegetative stage is passed in Ampelisca and 
the spore stages in another host or free in the water. With this idea 
we have decided to publish what we have in the hope that someone 
may later complete the life-history. 
The best fixation was found to be in Schaudinn's fluid, though 
Bouin's and sublimate-acetic were used satisfactorily. Sagittal sec- 
tions, ranging in thickness from 7 to 25,u were stained with either 
Heidenhain's iron-hematoxylin or Mann's methylene blue-eosin mix- 
ture. Both methods gave good results. 
The only part of the anatomy of Ampelisca which interests us here 
is that of the digestive tract and its glands. The alimentary canal con- 
sists of a straight tube from mouth to anus, divided into three general 
parts, stomadeum, mid-gut and proctodeum. The stomadeum and 
proctodeum, both of which are relatively short, are lined with a chitin- 
ous material, which in the stomadeum forms the masticatory stomach. 
The long, straight mid-gut makes up the principal part of the diges- 
tive tract. At its anterior and posterior ends it is lined with large 
epithelial cells of the columnar type, while in the central portion the 
epithelial cells are much more flattened. A very thin, delicate, non- 
chitinous cuticle, described in certain of the amphipods, is present over 
the digestive epithelium of Ampelisca. 
The hepatic ceca, four in number, empty into the anterior end of 
the mid-gut. They are very long, two of them extending almost to 
the posterior end of the animal. The cells making up the hepatic ceca 
are large with characteristic vacuoles and large nuclei having karyo- 
some-like nucleoli. 
There are also a pair of small, pouch-like glands at the posterior 
end of the mid-gut and a single short dorsal cecum anterior to the 
junction of the hepatic ceca with the mid-gut. 
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Frenzelina ampelisca nov. spec. 
The earliest stages of this parasite are intracellular, occurring in 
the digestive epithelium throughout the entire length of the mid-gut. 
In one host these very small intracellular forms were extremely num- 
erous from the junction of the stomodeum with the mid-gut to the 
proctodeum, all stages of their growth being found. As there is often 
a pure infection of this form there is no danger of confusing it with 
two other gregarine inhabitants of Ampelisca. 
Figures 1 and 2 represent two of these earliest forms, smaller than 
the nuclei of the epithelial cells. There is not a great deal of structure 
to be seen in them at this time. The protoplasm is more deeply stained 
and much less vacuolar than in the older stages. The nucleus is char- 
acteristically vesicular with a large, dark karyosome. No division of 
the body into protomerite and deutomerite is yet to be seen. The form 
represented in Figure 1 is 3.75 by 2.5,u. 
The parasite is distinctly like the older form when it attains a size 
of 13.75v/ by 5.55,a (Fig. 3). At this time it is usually very vacuolar, 
the cytoplasm having the appearance of a coarse reticulum. In this 
stage the body is always divided distinctly into protomerite and 
deutomerite, the protomerite being thick and short, from one-fifth to 
one-third the length of deutomerite. The cuticle is very thin and 
shows no signs of either cross or longitudinal striations or of myo- 
nemes. The nucleus is vesicular in form with a large, deeply staining 
karyosome, a distinct membrane and a homogeneous space between 
karyosome and membrane. A second small nucleus of the vesicular 
type with a deeply staining karyosome can usually be distinguished in 
the protomerite, even in very young forms (Figs. 4 and 6), occasionally 
a few unorganized chromatin granules are found in its place, and 
there are a few cases in which it seems actually to be lacking. Leger 
and Duboscq (1907) have described such a nucleus, which seems to be 
transitory and takes no part in reproduction in Pterocephalus. 
The nucleus of the host cell is usually displaced by the young greg- 
arine (Figs. 3 and 4), and as growth proceeds the parasite pushes out 
until the cell in which it was originally clearly located can no longer be 
distinguished. The gregarine makes for itself a considerable cavity 
among the epithelial cells (Figs. 5 and 7). 
The nuclear structure of the parasite remains the same except for 
a proportional growth with the cytoplasm, but, on the other hand, the 
cytoplasm of the larger intracellular forms shows a marked change 
from that of the younger condition. This change is not always con- 
stant, however, for a given size of the parasite. 
Figure 7 represents the largest intracellular form found, being 60.62 
by 13.12v. This form shows quite distinctly the change in cytoplasm, 
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which has become filled with large, clear granules instead of being 
reticular as in the early stage. These granules may be of the nature 
of stored food material for the reproductive process. 
Figure 15 shows the not uncommon occurrence of this parasite in 
the cells of the hepatic ceca. Stages as small as those sometimes seen 
in the intestinal epithelium have not been found in the liver, nor have 
the large forms with the granular cytoplasm been found there. Figure 
15 is a good example of the type found in the cells of the hepatic ceca. 
The protomerite and its nucleus are distinct as in the intestinal forms, 
and in every essential these gregarines resemble the intracellular stage 
in the intestinal epithelium with the exception of a greater tendency for 
the protomerite to be subdivided either once or twice (Figs. 15 and 16) 
giving a papillate appearance. 
A few forms have been found free in the lumen of the mid-gut. 
With two exceptions these resemble the intracellular parasites of the 
same size, sometimes with a subdivision of the protomerite, a flattened 
knob, sometimes without. 
Figure 8 represents one of the exceptions. In this form the cuticle 
presents a thickened appearance and is distinctly grooved longitudi- 
nally. The protomerite shows an indistinct division, beyond which the 
grooves do not extend. The cytoplasm is of the characteristic, mottled, 
reticulate type, and the nucleus typically vesicular but with four small 
patches of chromatin closely applied, at different points, to the mem- 
brane. There are two nuclear bodies in the protomerite of this 
specimen. 
The other exception is a form similar to the one just described, but 
with the cuticle much thicker and quite shining. The grooves are also 
more conspicuous. The whole thing stains deeply and is too indistinct 
to show structural details. 
A few free forms, similar in all respects to those found within the 
cells of the hepatic ceca, were found in the lumen of those glands. 
Figure 16 represents the biggest, thickest form found in the hepatic 
ceca. It is 43.75 by 18.75,t and is partly embedded at the protomerite 
end, in the cells of the gland. It differs from most forms by showing a 
deeply staining mass of granules surrounding the nucleus. Extra- 
cellular forms of this parasite are rare. 
Young gregarines, no doubt, pass from the digestive tract into the 
hepatic ceca at the point where they join the mid-gut. They seem also 
to pass directly through the walls of the intestine and glands, into the 
coelom. Circumstantial evidence points to the latter as being at least 
one method by which exit from the intestine may take place. A num- 
ber of cases of the intracellular forms in the intestine breaking through 
on the coelomic side of the wall have been observed. Figures 5 and 6 
represent two forms, one just beneath the membrane on the coelomic 
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side of the intestinal wall, and the other apparently pushing its way out. 
These forms were found at the extreme anterior end of the mid-gut 
where the epithelium is quite thick. Still other forms were found more 
than half way through the wall in the central region of the mid-gut. 
Only two examples of what is probably copulation were found 
(Figs. 11 and 12). This process takes place end to end. The sporonts 
(Fig. 11) are attached to the digestive epithelium at the anterior end 
of the mid-gut. This stage must follow very quickly upon that of the 
largest intracellular form (Fig. 7), for they differ in no essential detail 
from that form. The cytoplasm is filled with large, clear granules, 
and the nuclei are typically vesicular with a large, deeply staining 
karyosome. 
Union takes place by the pushing of the protomerite of one form in 
the posterior end of the other. The outline of the protomerite con- 
taining a faint but evident second nucleus can be plainly seen within 
the body of the satellite. This copula is attached to the epithelial cells 
near the anterior end of the mid-gut. The method by which the 
sporonts join each other seems to be a sucker-like invagination on the 
posterior end of the primite. That there may be such an invagination 
before the two are united is shown in Figure 16. 
A later stage of copulation was also found, and is represented by 
Figure 12. This pair occurred free in the lumen of the mid-gut. The 
difference in size of the sporonts is very noticeable, the primite measur- 
ing 62.5 by 15.624, the satellite 31.25 by 6.25,f. The protomerite of the 
satellite fits into an invagination of the posterior end of the primite. 
The protomerite is modified in each sporont and its nuclear body has 
lost the membrane, but the chromatin mass may be seen in each. Like- 
wise the form of the deutomerite is changed from the earlier copula as 
seen in Figure 12. The cytoplasm contains many coarse granules and 
stains very deeply. The primite is much swollen and is vacuolar. 
Leger and Duboscq (1909) found similar copula in Frenzelina con- 
formis and designated them as old copulating pairs ready to form cysts. 
One cyst was found in the lumen of the intestine showing unequal 
sporonts (Fig. 12), but we cannot say certainly that it belonged to this 
parasite. Whether the cyst formation takes place in the intestine of 
this host can probably be determined by a study of Ampelisca later in 
the fall and winter. We have investigated them in spring and found 
none, infection even in the early trophozoite stage being slight at this 
time. Because cysts containing two copulants were found free in the 
water containing Ampelisca, and because so few old copula are found 
in the intestine we suspect that Frenzelina ampelisca is often shed with 
the feces during the copula stage and encysts in the water. 
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SUMMARY 
A new species called ampelisca is added to the genus Frenzelina, 
created by Leger and Duboscq (1907) for certain crustacean greg- 
arines. 
The distinguishing character of this species are (1) smaller size 
than other species reported and (2) possession of a nucleus in the 
protomerite. 
This is the second time intracellular development has been reported 
for Frenzelina, Watson's (1916) being the first report. 
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EXPLANATION OF PLATE 
FRENZELINA AMPELISCA 
All drawings made to scale with Spencer 8 oc. and A2 oil immersion objec- 
tive, except two diagrams, Figures 18 and 19. 
Figures 1 to 13 show development of the parasite beginning with the earliest 
stage found in the intestinal epithelium. 
Fig. 1.-Earliest intracellular stage found. 3.75 by 2.5i,. 
Fig. 2.-Slightly larger stage. Still smaller than epithelial nucleus. 
Fig. 3.-Young trophozoite growing inside epithelial cell of structure wall; 
shows protomerite; cytoplasm very vacuolar. 13.75 by 5.55A. 
Fig. 4.-Intracellular forms found near posterior end of intestine. Pro- 
tomerite of one showing two nuclei; this sporont 15.61 by 6.25wu. Lower sporont 
17.5 by 5.62w. 
Fig. 5.-Looking squarely on a form embedded in intestinal epithelium. 
Showing distinct nucleus in protomerite. Cytoplasm reticular. 28.75 by 9.1A. 
Fig. 6.-Apparently going through intestinal wall into colome. Upper 23.12 
by 7.5t/; lower 20 by 8.12A. 
Fig. 7.-Largest intracellular form found, 60.62 by 13.12A. 
Fig. 8.-Free in lumen of intestine. Shows thick cuticle with definite longi- 
tudinal constrictions. Also two nuclei in protomerite. 42.5 by 11.25A. 
Fig. 9.-Free intestinal form showing no cuticle, 35.62 by 12.5/a. 
Fig. 10.-Inside intestine lying close to epithelium. 30 by 5w. 
Fig. 11.-Conjugating pair attached to epithelial lining of intestine. Primite 
56.25 by 10.6A. Satellite 56.25 by 8.7w. 
Fig. 12.-Old pair of conjugants. Primite 62.5 by 15.62w. Satellite 31.25 
by 6.25A. 
Fig. 13.-Cyst found in intestine showing two sizes in the sporonts. 
Fig. 14.-Sporozoites in intestinal lumen. 
Fig. 15.-Young gregarine in liver tubule cell. 31.25 by 8.75w. 
Fig. 16.-Form protruding posterior end from a cell in hepatic cecum. Pro- 
tomerite is constricted into a sort of epimerite. Nucleus is extruding chromatin. 
Posterior end of dentomerite invaginated. 43.75 by 18.75w. 
Fig. 17.-Shows chromatin extrusion. 25 by 6.25w. 
Fig. 18.-Diagrammatic sketch from living gregarines showing what is 
believed to be this form loose in the intestinal tract. 
Fig. 19.-Diagrammatic sketch from living material showing the penetration 
of the intestinal epithelium by one gregarine, and the resting position of another 
just beneath the submucosa. 
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ANIMAL PARASITES OF RATS AT MADISON, 
WISCONSIN 
ARTHUR M. MOLL 
Zoological Laboratory, University of Wisconsin 
According to Blandford, the so-called brown rat, Mus norvegicus, 
came originally from Central Asia, but has spread until it inhabits prac- 
tically every civilized portion of the world with the exception of South 
America. This rat is extremely savage and very cunning, adapting 
itself readily to meet different conditions of life. It seems to thrive 
in all climates, and is found in Iceland as well as in India. The obser- 
vations to be noted in this paper were limited to the examination of 
twenty-five rats captured in Madison, Wisconsin, for the purpose of 
learning what parasites they were carrying. 
Of the rats examined, seven came from a fraternity house, fifteen 
from a dump in the Italian district, and three were trapped on a dump 
near the University. All carried parasites: thirteen (53%), fleas; 
fifteen (60%), lice; three (12%), mites; twenty-two (88%), intestinal 
round worms; one (4%), trichina, and five (20%), the dwarf tape- 
worm. I was unable to find any blood parasites in the rats examined, 
but I have seen slides of Trypanosoma lewisi from rats captured in 
Madison by Dr. William Middleton in 1916. 
LIST CF PARASITES FOUND 
Haematopinus spinulosus Burm. Rat Louse 
This louse is common on rats and has not been reported from other 
hosts. It transmits an apparently non-pathogenic protozoan parasite, 
Trypanosoma lewisi, from one rat to another. 
Ctenocephalus canis Curtis. Dog Flea 
This is the most common flea infesting houses in the eastern United 
States. It attacks man and most of the domestic animals. It is readily 
transmitted from one locality to another through the agency of rats. 
As it attacks both rodents and man it can readily become a transmitter 
of the plague. It was shown by Grassi that this flea could be the inter- 
mediate host of the tapeworm Dipylidium caninum. 
Ceratophyllus fasciatus Bosc. Rat Flea 
This is strictly a rat flea in that it requires rat blood as a food in 
order to reproduce. However, it was found by Strickland that while 
this flea completes its life cycle only on the rat, it bites man in prefer- 
ence to rats when given the choice. This fact makes it an important 
factor in plague-infected localities. 
THE JOURNAL OF PARASITOLOGY 
Laelaps agilis Koch. Mite 
This mite is found commonly on the rat in small numbers. It is 
apparently of little economic importance, not commonly attaching itself 
to man or to domestic animals. 
Trichinella spiralis Owen. Trichina 
From an economic standpoint this worm is without doubt the most 
important parasite carried by the rat, at least in the United States 
where plague is not prevalent. Trichina is conveyed from rat to pig, 
and, by eating uncooked or imperfectly cooked pork, from pig to man. 
It sometimes causes severe and very fatal epidemics and necessitates 
large expenditures for meat inspection. 
Heterakis spumosa Schneider.* Roundworm 
This nematode is common in the cecum of the rat and is of world-- 
wide distribution. It is of practically no economic importance being 
exclusively a parasite of the rat and apparently not affecting it to any 
extent. I examined rats which appeared to be enjoying the best of 
health and which had hundreds of these worms packed in the cecum. 
Hymenoleps diminuta Rudolphi. Dwarf Tapeworm 
The cystocercoid of the dwarf tapeworm develops in the body 
cavity of a number of meal-infesting insects. Grassi believes that the 
caterpillars of Lepidoptera are the usual intermediate hosts. The 
insects take, up the eggs scattered by rats. It has been experimentally 
demonstrated that men may develop this tapeworm by swallowing 
infected insects. According to various texts, natural infection probably 
occurs by ingesting such insects with cereals or imperfectly cooked 
foods. 
Through its migratory habits, its varied diet, and its intimate asso- 
ciation with man, the rat is of considerable importance as a carrier and 
transmitter of parasites. The investigation in this instance has been 
rather limited. A survey of the literature shows that over eighty 
species of parasites have been reported from a number of different 
localities and are apparently common to the rat. All the parasites 
found in the rats captured in Madison have been reported as occurring 
in other localities. The finding of trichina in this neighborhood empha- 
sizes the importance of a rigid inspection of the pork. The species of 
fleas found on the rats of Madison are all capable of transmitting 
Bacillus pestis and might be of importance in case of a plague epidemic. 
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NOTES 
To the Editor: In The Lancet (London) for Dec. 25, 1915, No. 4817, there 
appeared an article in which I stated, "Early in June he (i. e., Dr. E. Warren) 
notified me that he had found sporocysts containing cercariae with bifid tails in 
the liver of one of these snails. . . . The appearance of these cercariae (for 
which I suggested the name of C. secobii, in memory of our old school in Kent) 
was similar to that described by Leiper and Atkinson. The cercaria consisted 
of a body containing two suckers, one oral and one ventral; no pharynx could 
be detected and there were no pigment spots. The tail of the cercaria was 
bifid for half its length and showed no indication of cuticle covering." 
In the Medical Journal of South Africa, June, 1916, vol. 11, referrirrg to 
the same cercaria, I said: "Another common form, for which I have suggested 
the name of Cercaria secobii, has very long prongs to the tail, sometimes even 
longer than the tail itself. I have found it only in specimens of Physopsis 
collected from the Umsindusi River." 
In THE JOURNAL OF PARASITOLOGY for March, 1917, v. 3, no. 3, I described 
this cercaria as Cercaria secobiana; but, in view of the references to it in jour- 
nals of an earlier date, the name Cercaria secobii has priority. 
Yours, etc., F. G. CAWSTON. 
To the Editor: May I make a suggestion to the men who are doing work 
of a nonsystematic character with different lower animals? When a man writes 
on some question relating to genetics, or embryology, or phototropism, or 
ecology, or what not, he should give the name of the specialist who named the 
species he is considering. This point will readily appeal to you. If I were to 
write a paper in which the name of a beetle was given, my accuracy would be 
attested by the fact that I inserted in parenthesis "Determined by Schwarz"; 
or, if it were a Protozoan, the same thing would happen if I inserted in 
parenthesis "Determined by Calkins." With a little care in this way subse- 
quent workers would not be put to the trouble to see whether the man was 
writing about the form he said he was. 
(Signed) L. 0. HOWARD. 
In Japanese Medical Literature (vol. 2, no. 5) is reviewed the work of 
M. Muto on the life history of Metagonimus yokagawai found in Japan chiefly 
but also in Formosa and among Japanese in Korea. The rediae and cercariae 
were discovered in Melania livertina, also incriminated in connection with Para- 
gonimus westermanni, and Clonorchis sinensis. The cercaria is long-tailed, pro- 
vided with 4 to 6 oval spines and with two eye spots. It measures 0.23 by 0.083 
mm. and the tail 0.29 by 0.027 mm. 
Uninfected dace and gold fish were kept in water containing free cercariae 
from these snails and after a time encysted cercariae were found under the 
scales, in the tail, or at the base of the fins. Infected fish tissue was fed to dogs 
and in 12 days eggs of the fluke appeared in the feces of the dog. 
Marked differences in the size and shape of cysts from various regions 
seemed to the reviewer to suggest possible confusion of different species. Kittens 
were invariably infected within 12 to 15 days after eating infected fish. 
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sistency in its application. 
Part II, the section on diagnostics, has been modified more than Part I, 
because, as the author says, "one can more readily acquire skill in the differ- 
entiation of diseases by considering them when grouped according to clinical 
manifestations than when treated separately." These changes are undoubtedly 
of great value and it is unfortunate that the author has retained the inade- 
quate figures of the ova of parasitic worms; these are photographs of charts 
that, while good in the original perhaps, are really of little value to the student 
with the microscope since they present a picture of the real objects that will 
not serve for diagnostic purposes. 
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